Previous publications on experimental coyotillo poisoning in goats describe a severe neurologic disorder with hypermetria, stiff and stilted gait, progressive weakness, hypotonia, and loss of stretch reflexes% 17. Some of the clinical signs were similar to those observed in people3 with this disease. Although a peripheral neuropathy5 and myopathylo occur in goats, lesions in the central nervous system have not been reported in this species. Lesions have been described in the brain of rabbi@.
Materials and Methods
Twenty-six mature goats (11 male and 15 female), approximately 2 years old were used. Twenty-two goats (20 Angora and 2 Spanish) were poisoned with daily oral doses of ground coyotillo fruits (Table I) . Four Angora goats were maintained as controls. Most of the goats given doses of 0.04% or 0.05% of their body weights were dosed for 6 or 7 days. Two goats were given doses of 0.01%. One of these was dosed for 66 days and the other for 69 days. The goats were killed or died at various times after the first day of dosing (day 0). Goat 20 survived the initial acute stage of the disease and was killed on day 102. Details of the care and feeding of the goats, dosage schedules, and survival times were reported in a previous publication4. At necropsy, the brain and spinal cord were removed and fixed in buffered 10% formalin. Sections of the spinal cord were made at the level of the eighth cervical and fifth lumbar nerves of all goats and at the level of the second and fourth cervical nerves of 6 goats (goats 9, 10, 13,17, 19, and 20) . Sections of brain from each goat were made through the anterior diencephalon and cerebrum, hippocampus, midbrain at the level of the red nucleus, cerebellum, pons, and medulla. The medulla was sliced transversely into 4 pieces of approximately 3 mm thickness beginning at the level of the area postrema and extending posteriorly.
Sections were made from the anterior surface of each of these 4 blocks. The cerebellum and pons were sliced transversely into at least 5 blocks of tissues. The samples of central nervous tissue were dehydrated, embedded in paraffin, sectioned at 4 or 6,u, and stained with hematoxylin and eosin. Three sections, 4 , u in thickness, were cut at intervals of 100 ,u from the anterior extremity of each block of cerebellum and pons in order to provide a more detailed study of this region of the brain. Sections stained with hematoxylin and eosin were used for routine examination of the lesions in the brain. Additional sections from selected areas of the brain were stained either with a Nissl stain, lux01 fast blue-Holmes silver nitrate, Sudan black, or periodic acid-Schiffls.
Results
Regional swelling of axons was the predominant lesion in the central nervous system of goats poisoned with coyotillo. Such dystrophic axons were found in the cerebellum and/or spinal cord of 11 of the 17 goats killed on or after day 9. None was found in goats 21 and 22 (low dose), in the 2 Spanish goats (goats 16 and 18), in goat 15 which died on day 9, or in goat 11 (killed on day 14).
Dystrophic axons were most numerous in the cerebellum and occurred in the white matter and granular layer but not in the molecular layer. The cerebellar folia of goats 6 and 7 (euthanasia on day 9) had slightly swollen and fragmented axons in the white matter.
Swollen axons were more numerous and larger in goats killed in later stages of the disease. In sections stained with hematoxylin and eosin, these structures were pink, and round, oval, or fusiform, and displaced the adjacent fibers ( Fig. 1 ). They were dark brownish-black with a blue rim of myelin when stained with lux01 fast blue-Holmes silver nitrate. Swollen axons were not detected in the granular layer before day 13, but were found in 8 goats killed on or after this day. Most of these swollen axons were in the middle zone of the granular layer, but some were adjacent to the white matter and a few were in the Purkinje-celi layer. They were round, oval, or irregularly elongate and about 10 to 100p in diameter ( Fig. 2) . Most of these structures were radially oriented in the cerebellum and many had narrow segments adjacent to swollen regions, suggesting that circular and oval forms were cross sections of swollen axons. In goats with survival times of less than 24 days, these axons were light gray-blue and finely granular with a dense grayish-pink periphery when stained with hematoxylin and eosin. Occasionally one of these structures impinged on a granule cell, giving the illusion of having a nucleus within the structure. A few of these structures were connected to Purkinje cells ( Fig. 3, 4) . In Nissl-stained sections the swellings were very pale blue and Nissl granules were not detected ( Fig. 5 ). The structures in the granular layer did not stain with PAS. Some of the swollen axons in the white matter were PAS positive. Many of the dystrophic axons in the granular layer were lightly stained with alcian blue and a few black granules were detected in them when stained by Sudan black. In later stages of the disease, and especially in goat 20, there was a marked status spongiosus in the white matter of the cerebellum. Some of these spaces contained phagocytes and debris of myelin and axons ( Fig. 6) . The white matter was also very pale and cellular in goat 20. The increased cellularity was due to the presence of cells with dark, oval or irregularly shaped nuclei most of which were microglial cells.
Swollen axons were most numerous in the culmen, dedive, and tuber, but also occurred in the lingula, central, pyramis, uvula, ansiform, paraflocculus, and paramedian lobules (Table 11 ). There was a fairly close correlation between distribution of lesions in the granularcell layer and adjacent white matter (Table 11 ). In affected goats killed on and after day 13, there was no correlation of number of swollen axons in the cerebellum with duration of the disease.
Swollen axons and microgliosis were detected in the spinal cord of 5 goats (goats 8, 14, 17, 19, and 20) . Lesions were more extensive at the level of the eighth cervical than at the level of the fifth lumbar spinal nerve and were found mainly in the dorsal region of the lateral funiculi, in the ventral funiculi, and to a lesser extent in the dorsal funiculi. They were not limited specifically to definite tracts. In goats killed in the early stages of the disease, there were a few circular spaces (status spongiosus) in the white matter and a few scattered swollen axons (Fig. 7) . In goat 20, swollen axons were uncommon, but there were many circular spaces which often contained debris of myelin and macrophages in the white matter ( Fig. 8) . A few shrunken neurons and neurons undergoing early ten tral chromatolysis were detected in the dorsal and ventral horns.
Discussion
The results of this study establish that an axonal dystrophy occurred in the central nervous system of goats poisoned with coyotillo. Dystrophic axons were most numerous in the cerebellum. They were detected in the cerebellum of 10 goats, but not in the 2 Spanish goats nor in the 2 goats given low daily doses of coyotillo. Clinical studies of the goats revealed that the initial clinical signs of increased alertness, increased responsiveness to external stimuli, and tremor which were observed in most of the poisoned Angora goats were minimal in the 2 Spanish goats and did not occur in the 2 goats given low daily doses of coyotill04. High-stepping movements also were not detected in the above 4 goats4. The absence of cerebellar lesions in these 4 goats and the occurrence of cerebellar lesions in most of the other clinically affected goats suggests a positive relationship between these clinical signs and the cerebellar lesions. Also, the distribution of lesions in the cerebellum indicates that the neocerebellum was severely affected in goats in which cerebellar lesions were detected. Lesions of Fig. 4 . Granular layer of the cerebellum of goat 9 (higher magnification of Fig. 3) .
The swollen axon (T) is connected to a Purkinje cell (P) by a thin stalk. The small fibers near the Purkinje-cell perikaryon are crossing the Purkinjecell axon and are not branches of it. Luxol fast blue-Holmes silver nitrate stain, 1,620 x . theneocerebellum clinically result in hypotonia, asynergic clumsy movements, and intentional tremor when the dentate (lateral) nucleus is invol-ved2. Thus, the type of clinical signs (tremor and hypermetria) observed in goats poisoned with high doses of coyotillo, and the distribution of lesions in the cerebellum suggests that neocerebellar dysfunction were responsible in large part for these clinical signs. The very infrequent occurrence of lesions in the flocculonodular lobe is considered to be significant since the gait of the goats did not reflect a disturbance of equilibrium4 such as occurs with lesions of this area of the cerebellumz. The cerebellar lesions were considered to be due to the direct effect of coyotillo poisoning upon the central nervous system since the dystrophic axons occurred fairly early in the disease (day 9) and appeared in axons of Purkinje cells which are not linked directly to the central origins or terminations of peripheral nerve fibers. A few of the swollen axons in the granular-cell layer of the cerebellum were shown to be connected to Purkinje-cell perikarya. Since many of the other swellings were similar in staining characteristics and shape and were radially oriented when sectioned longitudinally, most, if not all, of them probably were axons of Purkinje cells. The close correlation between the distribution of lesions in the white matter and in the granular layer suggests that the structures in the white matter also were axons of Purkinje cells. The Purkinje-cell bodies appeared normal. However, this is not unusual in axonal dystrophies25.
Swollen axons in the spinal cord were much less extensive in the dorsal funiculi than in the lateral and ventral funiculi, suggesting that fibers in the tractus gracilus and cuneatus were not affected as severely as tracts in the lateral and ventral funiculi. Whether or not the fibers affected in coyotillo poisoning were predominantly ascending or descending could not be determined in this study. The lesions were more extensive in the cervical than in the lumbar regions of the cord, but this distribution could occur if ascending or descending fibers, or both, were affected.
The axonal reaction which is a classic lesion in the perikarya of neurons following degeneration of their axons was conspicuously minor in all of the goats even though Wallerian degeneration was fairly extensive in some of the peripheral nerves7. However, the axonal reaction is most severe when the axon is sectioned or torn near its cell of origin1 while the degeneration of axons in this study of coyotillo poisoning was much more marked in distal than in proximal regions of the involved peripheral nerves7. This probably account for the paucity of lesions in ventral motor neurons.
Lesions similar to those found in the brain and spinal cord of these goats have been reported in several natural and experimental diseases of man and animals. The regional enlargements of axons in these diseases have been referred to by such terms as "torpedoes", "spheroids", and "dystrophic axons"9~ 15,25. Hereditary or suspected hereditary diseases in which axonal dystrophy is the characteristic lesion detected by light microscopy include infan tile neuroaxonal dystrophy (INAD)12.13, neuroaxonal dystrophy in Suffolk sheepg, axonal dystrophy in boggler deer mice25, and some cases of necrotidng encephalomyopathyll. Axonal dystrophy also occurs in experimental chronic vitamin E deficiency in rat@; there is an implied relationship between vitamin E deficiency and axonal dystrophy in human muco-viscidosis22, in biliary atresia24, and in aging 23. An experimental axonal dystrophy has been produced in rats injected intraperitoneally with /I /Iy-iminodipropriononitrile (IDPN)8. Many mitochondria, dense bodies, and membranous bodies were observed by electron microscopy in dystrophic axons in rats poisoned with IDPN8, in vitamin Edeficient rats159 16, and in infantile neuroaxonal dystrophyl2. On the basis of light and electron microscopic findings, "axostasis" has been suggested as the mechanism involved in the genesis of the swollen axons in IDPN poisoning*. Swellings of axons of Purkinje cells also have been reported in cerebellar explants in vitro21 and following trauma to the cerebellumza. Morphologically, the swolIen regions of axons of Purkinje cells in goats poisoned with coyotillo resembled the enlargements found in peripheral nerve fibers which were interpreted as being due to stasis of axoplasmic flow6. Twenty-two goats were poisoned with daily oral doses of ground coyotiIlo fruits and were killed at various times after the first day of dosing. The morphologic features and distribution of lesions in the central nervous system were studied by light microscopy.
An axonal dystrophy occurred in several of the goats given high daily doses. Swellings occurred along axons of Purkinje cells in the cerebellum and in the white matter of the spinal cord. There was a fairly close correlation between the occurrence of clinical signs suggestive of the neocerebellar syndrome and the occurrence and distribution of lesions in the cerebellum.
